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NASA TECHNICAL TRANSLATION NASA TT F-15,397 

THE MECHANISM OF DEVELOPMENT OF AORTIC ANEURYSM TN 
RABBITS DURING LIMITATION OF THEIR MOBILITY 

V. V .  Tyavokinl 

As w a s  reported e a r l i e r ,  we [2-51 duplicated s i g n i f i c a n t  changes i n  t h e  /139* 

aor ta  and hea r t  i n  experiments with l imi ted  mobil i ty  of r abb i t s :  

s c l e r o t i c  plaques, a o r t i c  aneurysms, s igr ' i f icant  s t enos i s  of t h e  lumen of  t h e  

coronary arteries, necroses i n  t h e  myocardium. 

cf l imi t a t ion  o f -mob i l i t y  of r a b b i t s ,  one can i n  a goal-directed fashion dupl i -  

ca te  coronary insuf f ic iency  i n  some cases without a the rosc l e ros i s  and i n  o thers ,  

with more long term expariments, one can dup i i ca t e  coro:iary insuf f ic iency  with 

a therosc le ros is .  Coronary insuf f ic iency  witnout a t h e r m c l e r o s i s -  as a r u l e ,  
appears d t r i n g  s h o r t  term (fnr a period of  3 t o  5 days) bu t  sharply l imited 

mobili ty of t he  animals. 

i n  c o q a r a t i v e l v  long term experiments with severe l i m i t a t i o n  of t h e  r a b b i t s '  
mobilitv. In  conncction with t!!e f a c t  t h a t  t h e  rabbits do not t o l e r a t e  sharp 

l imi t a t ion  of  mobil i ty ,  dying i n  the  e a r l y  per io3s of the  experiment, with t h e  

goal of dup l i ca tmg  a the rosc l e ros i s  with coronary in su f f i c i ency ,  we a t e r n a t e  

seve r s  limntatirrn of mobil i ty  of the animals with moderate limit2tion of 
mobili ty or with complete freedom of t h e  animals m t s i d e  the  cages i r r  whic! 

they are located during t h e  experiment. 

eroded athero-  

Al te r ing  t h e  degree and dura t ion  

Coronary insuf f ic iency  with a the rosc l e ros i s  develops 

Duri,ig l imi ted  mobil i ty  of t he  r abb i t s ,  s i g n i f i c a n t  changes a r i s e  i n  the  

Fredominanc damages t o  e n i i r e  wganism, pr imar i ly  i n  t h e  arteries and h e a r t .  

t he  arteries and h e a r t  a r e  r e l a t e d  t o  t h e  fact t h a t  general d i sorders  i n  t h e  

organijm are combined with l o c a l  changes. Such ge7eral d i so rde r s  include 

5 igni f icanr  changes in t h e  l i p i d e  p ro te in ,  carbohydrate and mineral metabolisms 

which appear aga ins t  a background of diminished furtctioning of t h e  sympathetic- 

-adrencl system and t h e  adrvnal-cortex. 

- 
lGepar,ment of Hospital 'fiermpy of the Leningrad Pcdfa t r f c  Mdd-cal I n s t i t u t e  and 
the  Department of General P h V S i O l O g y  of the I n s t i t u t e  of E.lrpert;nental Mediche,  
Academy of Medical Sciences, USSR, Leningrad. 
*h&ers i n  the  margin i nd ica t e  pagination in the foreign ta t .  
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Local changes i n  the  a r t e r i a l  walls i n  the form of i n f a r c t i o n  and edema - 
t he  ear l ie-ct  s ign  of a the rosc l e ros i s .  The fcrmation of aneurysms is  the 

highest  manifestation of changes i n  the a o r t a  i n  r a b b i t s  during t h e  l i m i t a t i o n  

of t h e i r  movement. 

aneurysm develop i n  d i r e c t  proximity t o  the  diaphragm. 

diameter of the opening i n  the diaphragm of r a b b i t s  attracts a t t en t ion ;  t he  

a o r t a  passes through t h i s  opening ( the h i a t u s  a o r t i c u s ) .  In most r a b b i t s ,  t h e  

muscular layers  of the diaphragm are joined t o  the a o r t a ,  which makes separa- 

t i o n  of t he  a o r t a  from the diaphragm d i f f i c u l t  f o r  t he  experimentor. 

s e l ec t ed  as a working hypothesis t h a t  t h e  most severe changes i n  the corre-  

sponding regions of t he  ao r t a  are linked t o  its compression by the  diaphragm. 

Ihe question arises why i n  these tests does a o r t i c  

The comparatively small 

We 

Material  and Methods 

h i t h  the  goal of confirming the  hypothesis indicated above, t e s t s  were 

s e t  up on 20 male r a b b i t s  of t h e  c h i n c h i l l a  breed; these r a b b i t s  were divided 

i n t o  6 groups. A l l  r a b b i t s ,  under s t e r i l e  conditicns,  unde-rwent an operation 

with placement of a l i g a t u r e  on t h e  tho rac i c  o r  abdominal region of the ao r t a .  

In the 1st through 5th grcups, t h e  l i g a t u r e  was placed i n  t h e  tho rac i c  region 

of the ao r t a ,  i n  t h e  6th group on t h e  abdominal region. 

r a b b i t s ) ,  the  a o r t a  w a s  ]lot f i xed  by l i g a t u r e ,  i . e . ,  t he  diameter of t h e  r i n g  

foimed Uy the l i g a t u r e  w a s  equal t o  the diameter of t he  ao r t a .  

g;our, (2  rabbiLs),  t he  l i g a t x e  w a s  moderately cons t r i c t ed  about t he  limen of 

the 2orta  and i n  the  3rd group ( 2  rhbb i t s )  s i g n i f i c a n t  con t r ac t ioc  of t h e  

Portal  lumen was c a r r i e d  out .  One mo..th a f t e r  the operation a l l  r a b b i t s  of 

these 3 groups were placed i n  a s p e c i a l  cage constructed by us [3] with the 

goal of i i m i t i n r  t h e i r  mobili ty.  

were k i l l e d  and macroscopic and microscopic changes i n  the  a o r t a  and myocardium 

were ,.valuated. 

In the 1st group (2  

In  t h e  2nd 

Two months after t h e  operat ion,  t he  r a b b i t s  

2-1 t he  4th group (3  r a b b i t s )  t h e  ligature, as i n  t h e  second group, 

moderately compressed the lumen of the tho rac i c  region of t h e  ao r t a .  

foilowidig the operation, as i n  tile preceding groups, t h e  r a b b i t s  were placed 

i n  the -e l l  indicated above with the  g o d  o f  moderately l imi t ing  t h e i r  mobili ty,  

and i months after the operaiion they were kil l .ed.  ‘his group was dist inguished 

One month 
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from the  2nd group of animals by the  f a c t  t h a t  l i m i t a t i o n  of mobili ty of t he  

r abb i t s  was not severe,  t h a t  t h e i r  posture w a s  forced. In the  5th g-bup ( 3  

r a b b i t s ) ,  as i n  the 3rd group, the l i g a t u r e  s i g n i f i c a n t l y  contracted t h e  lumen 

of t he  thoracic  region of the  a o r t a .  

as dis t inguished from those of the 3rd grcup, was not l imited; t he  animals were -- /141 

kept i n  ordinpry cages and 2 months a f t e r  t he  operation they were k i l l e d .  

The mobili ty of r abb i t s  of t h i s  grcup, 

In the 6th group (8 r a b b i t s ) ,  t he  l i g a t u r e  s i g n i f i c a n t l y  compressed the  

lumen of the abdominal region of t h e  a o r t a  bshind t h e  level of branching 3f 

?he renal  a r t e r i e s .  

were subjected t o  severe l i m i t a t i o n  of mobili ty and 2 months a f t e r  the operat ion 

they were k i l l e d .  

One month a f t e r  the operation the animals o f  t h i s  gxoup 

P r io r  t o  k i l l i n g ,  t h e  ar ter ia l  pressure i n  the common ca ro t id  a r t e r y  w a s  
measured i n  a l l  r a b b i t s .  

Results of I t he  -_ Invest igat ion 

Reports on changes i n  t h e  a o r t a  and a r t e r i a l  pressure i n  the  r a b b i t s  are 

presented i n  t h e  table. 

An extremely i n t e r e s t i n g  f a c t  is t h a t  of t he  f z m a t i o n  of sp ind le - l ike  

aneurysms behind the  l i g a t u r e  i n  both r abb i t s  of t h e  f i rs t  group (see the  

f i g u r e  , A ) ,  

c 
In  the second group, 2 bagl ike aneurysms were detected i n  1 r a b b i t :  i n  

fr;rlt of and behind the  l i g a t u r e ,  and i n  1 t h e r e  w a s  a spindle- shaped aneurysm 
behind the l i ga tu re .  

In the 3rd group the re  were 2 aneurysms i n  1 rabb i t :  a bagl ike aneurysm 

i n  f r o n t  of t he  l i g a t u r e  and a d i f f u s e  aneurysm behind t h e  l i ga tu re  (see the  

f igu re ,  B). The 2nd r abb i t  of  t h i s  group suddenly died 10 days a f t e r  the 

beginning of l imited mobili ty.  

a o r t i c  anertrysm with rupture  and massive hemorrhage i n t o  the  tho rac i c  cavi ty  

was found i n  f ron t  of t h e  l i g a t u r e  [see the  drawing, C ) .  

During i t s  autopsy, a large s c a l e  c i r c u l a r  

Among rabb i t s  of the 4th group (with moderate l imi t a t ion  of mobil i ty ,  bu t  

In the 5th group only 1 kept i n  forced pos tu re ) ,  t he re  were PO aneurysms. 

3 



rabbit had a s l ight ly  expanded aorta i n  front of  and behind the l igature (see 

the figure, D ) .  In the 6th group not a s ingle  animal hsd an aneurysm. 

CHANGES IN THi AORTA AND ARTERIAL PRESSURE IN TEST RABBITS 
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4 



Discuss ion  .- 

The r e s u l t s  of  t he  experiments confirmed our hypothesis: i n  f r o n t  of 

anci behind the  l i g a t u r e  a o r t i c  aneurysms were produced. 

obtained da ta ,  and pr imari ly  on t h e  b a s i s  of  experiments performed on animals 

of t h e  1st group, t he  mechanism of development of  a o r t i c  aneurysms behind t h e  

l i ga tu re ,  and consequently, behind t h e  diaphragm, i n  t h e  experiirents with 

l imited mobili ty o f  r a b b i t s  is  as follows. Severe l imi t a t ion  of mobili ty of  

t he  r abb i t s  causes i n f a r c t i o n  and edema i n  t1.e wali of t h e  a o r t a .  In  connec- 

t i o n  with t h i s ,  t he  diameter of t he  a o r t a  increases  and t h j j  leads t o  i t s  

compression by the  diaphragm i n  the  h i a t u s  ao r t i cus  and t o  delayed c i r c u l a t i o n  

of t h e  i n t e r t i s s u e  f l u i d  i n  the  wall of the ao r t a .  There i s  2 d e t e r i o r a t i o n  

of n u t r i t i o n  of t h e  vascular  wal l ,  pr imari ly  of i t s  muscular l aye r ,  which 

p a r t i c u l a r l y  needs the  n u t r i e n t  substances.  Disruption of  n u t r i t i o n  i n  the  

medial l aye r  of t he  wall of t he  a o r t a  can be acute,  up t o  death of t he  muscle 

f i b e r s  with subsequent development of aneurysms behind t h e  l i g a t u r e .  

On t h e  b a s i s  of  t he  

In the  mechanism of formation of  a o r t i c  aneurysms i n  f r o n t  of t he  l i g a t u r e ,  

one of t h e  leading ro l e s  i s  apparently played by increased a r t e r i a l  pressure:  

i n  a l l  of the  r abb i t s  with a o r t i c  aneurysm which developed i n  f r o n t  of the  

l i g a t u r e ,  a r t e r i a l  pressure was e leva ted .  

/I42 

Consequently, the  production of a o r t i c  aneurysms i n  our experiments 

depends b a s i c a l l y  on 3 f ac to r s :  

t he  r abb i t ;  2)  l o c a l i z a t i o n  of t he  l i g a t u r e  - t ho rac i c  o r  abdominal Yegion of 

t he  ao r t a ;  3) degree of compression of  the  a o r t a  by the  l i g a t u r e  

the  development o f  t he  aneurysms, t hese  3 f a c t o r s  should be viewed toge ther .  

Thus, among r a b b i t s  of  t he  4th group (with moderate l i m i t a t i o n  of mobili ty and 

moderate compression o f  the  ao r t a )  t h e r e  was no aneurysm, while i n  t h e  second 

group with the  same degree of a o r t a l  compression, bu t  with severe l imi t a t ion  

of mobility +he animals were found t o  have aneurysms. 

1) t h e  degree of  l imi t a t i c ; .  of w b i l i t y  of 

In  explaining 

With severe compression of t he  tho rac i c  region o f  t h e  a o r t a  of t he  r a 5 b i t s ,  

the  l i g a t u r e  makes it possible  t o  produce aneurysms without l i m i t a t i o n  of t h e  

animals' mobili ty,  while with the  same degree of compression of  t he  abdominal 

i-egion of t he  a o r t a  (beyond t h e  l eve l  of branching of  t h e  renal a r t e r i e s )  and 



severe l imi t a t ion  of  mobili ty of t h e  animals, no s x c e s s  was achieved i n  

dupl icat ing aneurysms. This i nd ica t e s  the  p a r t i c i p a t i o n  of t he  r ena l  f a c t o r  

i n  t h e  development of a o r t a l  aneurysm i n  our experiment. Compression of t he  

ao r t a  by t h e  diagram o r  t h e  l i g a t u r e  i n  f r o n t  o f  the  rena l  ar ter ies  leads t o  

a drop i n  a r t e r i a l  pressure i n  t h e  abdominal region of the a o r t a  with subsequent 

disruptior.  of  t h e  r ena l  hemodynamics. In a l l  p robab i l i t y ,  i n  connection with 

ischemia of the  rena l  parenchyma, t h e  j u x t a  glomerular apparatus begi ?s 

accelerated production o f  r en in ,  which, a c t i n g  on t h e  hypertensinogen, converts 

i t  t o  hypertensin,  which has pronounced pressor  p rope r t i e s .  Renal ischemia 

a l s o  leads  t o  t h e  increased l i b e r a t i o n  of aldosterone by t h e  glomerular zone of 

the  adrenals,  and consequently t o  a decreased excret ion of sodium with the  

urine.  

a r t e r i a l  walls and t h e  walls of  t he  a r t e r i o l e s ,  makink possible  t h e i r  edematous 

swelling and s t e n o s i s .  

Ions o f  sodium are pr imari ly  r e t a ined  i n  the  wall of t h e  ao r t a ,  the  

C 

! 

Aorta and Heart o f  t he  Experimental Rabbits.  A ,  Rabbit no. 1 1st 
group; 9, r abb i t  no. 1 3rd group; C, r a b b i t  no. 2 3rd group; D ,  
a o r t a  and h e a r t  o f  a growing immature r a b b i t .  Two aneurysms have 
been produced: behind t h e  c o n s t r i c t i n g  l i g a t u r e  and behind the  
diaphragm; E ,  a o r t a  and h e a r t  of f u l l  grown rabb i t  no. 2 of the  5th 
group. Explanation i n  tex t .  Arrows show l o c a l i z a t i o n  of l i g a t u r e .  



Edematous swel l ing of the  renal  a r t e r i o l e s ,  i n  connection with the i r  re- 

t a in ing  of  sodium ions i n  t h e i r  walls, jncreases renal  ischemia. 

Taking i n t o  account t he  n a t e r i a l  presented above, one cannot agree with 

the  following categorical  a s se r t ion  of Yu. V .  Postnov [l]: "Aneurysmal 

expansion of t he  ao r t a  i s  primarily caused by des t ruc t lo?  of  the e l a s t i c  media, 

and f i n a l l y  and of course, is not l inked t o  cons t r i c t ion  of th.e aorta  by t h e  

diaphragm as suggested by V .  V .  Tyavokin. I t  is known t h a t  with app l i ca t ion  

of a c o n s t r i c t i n g  l i g a t u r e  t o  the a o r t a  aneurysm develops as an exception, but  

not as  a rule". In connection with the a s s e r t i o n  of Yu.  V .  Postnov one should 

note t h a t  when applying the c o n s t r i c t i n g  l i g a t u r e  t o  the  tho rac i c  region of t he  /143 
aor t a  of r a b b i t s  kept under conditions of severe l i m i t a t i o n  of mobili ty i t  is  
possible  t o  dup l i ca t e  aneurysm i n  every case.  Thus, f o r  example, w e  produced 

two aneurysms under the  conditions of the nqe r imen t s  described above (behind 

the  c o n s t r i c t i n g  l i g a t u r e  and behind the  diaphragm) and i n  a growing immature 

r abb i t  (see the drawing, D ) .  

, 
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